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PREFACE 

The  object  of  this  thesis  is  the  deter- 
mination of  the  efficiency,  end  capacity  of  a 
small  absorption  refrigerating  machine^  ttt 
various  rates  of  refrigeration. 

This  machine  is  a  recent  invention,  the 
patents  having  been  issued  in  December  of 
1914o    It  is  manufactured  for  the  ^utovacu\im 
Refrigerating  Company  of  Louisiana,. 
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DESGKIPTIOiT  0]?   APPARATUS 


DESCRIPTIOH    OF   APPARATUS 
The   apparatus  and  connections   are   shovm 
in  the   diagrammatic   outline   in  Figure  lo 

The  machine   consists   of  a  combined  genera- 
tor and  absorber  composed  of  two  horizontal 
tanks   "AJJ't   shown  in  Figure  1.   These  are  connec- 
ted by  two  pipes,    a  short   one    "A"   called  the  up- 
flow,   and  the  other  "B"   called  the  dovm-flow» 
The  down-flow  pipe  reaches  almost  to  the  bottom 
of  the   lower  tank.     The  circulation  of  the 
liquor  takes  place  through  these  pipes  between 
the  tanks.      There  is   a  twelve  inch  gauge  glass 
"G"    on  each  tank.      The  upper  tank  contains   a 
cooling  coil  in  which  the   cold  v/ater  is   circu- 
lated.     The   flov/  of  water   is  regulated  by  valve 
"M".        The    return  flow  from  the   refrigerator 
enters  the   lov/er   tank  close  under  the   down-flow 
pipe.     ..  large  pipe    "F"   leads  from  the  top  of 
the  generator  and  connects  to   the   line   into   the 
condenser.        This  pipe    "F"  acts  as  a  dehydrator 
or  rectifier,   the  function  of  which  is  to 
separate  entrained  v/ater   from  ammonia  gas» 
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through  expansion  valve  "E"  to  the  refrigera- 
ting coils  "J".   The  return  line  from  the  re- 
frigerating coils  leads  through  the  return 
valve  "R"  into  the  lov/er  tank.   ^   sampling 
valve  "T"  is  placed  in  the  return  lixie  betv;een 
the  return  valve  and  the  generator, 

^   gas  burner  "L"  is  placed  under  the 
generator  with  a  meter  in  the  gas  line  for 
measuring  the  quantity  of  gas  consumedo 

The  v/ater  lines  from  the  generator  and 
receiver  are  run  to  separate  weighing  tanks. 
Thermometer  cups  are  placed  in  the  lines  for 
measuring  the  temperature  of  inlet  and  out- 
let cooling  water. 

The  refrigerating  coils  are  double  pipe 
coils  in  which  ammonia  expands  in  the  inside 
coil,,  end  brine  is  circulated  throurh  the 
outside  coil ,.   The  brine  is  drawn  from  the 
sump  by  a  small  motor  driven  centrifugal  pump. 
The  pump  delivers  the  brine  into  a  reservoir 
tank  on  the  floor  level  and  from  there  to  a 
small  tank  about  six  feet  above  the  top  of  the 
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^  large  cross-fitting  provides  connec- 
tion for   the   ammonia  pressvire  and  vacuum  gauge 
"D",   and  for   safety  valve    "S",    and    for  purge 
valve   "P"o 

The  line   from  the  dehydrator   leads  through 
stop-valve   "H"   to  the  combined  condenser  and 
receiver  "B". 

The   GOmhined  condenser  and  received   "B" 
is   a  vertical  tahk  having  a  double  coil  run- 
ning through  it;: a  one-half  inch  pipe  coil 
inside  of  a  one-inch  pipe.  The  two  coils 

have   separate   end  connections.  The   outside 

coil  is   for  water  and  the   flow  is  regulated  by 
valve   "U"*  The   one-half  inch   coil   is  for 

the  ammonia,    the   coil   ending  in  the  tank. 

^t  the  bottom  of  the   tank  tv/o  ammonia  out- 
lets are  provided,    one   outlet  for  the  line   con- 
necting to  the   refrigerating   coils,    and  a  small 
opening   for  the   sampling  valve    "T.".    The  re- 
ceiver is   fitted  with  a  tv/enty  inch  gauge  glass. 

The  ammonia  line   leads   from  the  receiver   "B" 
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.■brine  coils.        This   tank  is  provided  with   an 
overflow   so  that   there   is   always   a  constant 
head  on  the  hrine  flov/ing  from  this  tank 
through  the  brine   coils.        Thermometer  cups 
are  placed  in  the  brine  line   close  to   the 
coils  for  obtaining  the  temperature  of  the  brine 
entering  and  leaving  the   expansion  coils.      To 
prevent   loss  of  refrigeration  by  radiation, 
conduction,    etco,    the   expansion  coils   are   en- 
cased in  a  wooden  box  and  packed  with   granula- 
ted cork  for   a  distance   of   six   inches   on   each 
side  of  the  coils    and   six  inches   at  the   ends. 
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IIISTALLaTIOM 

4 

The  "base  of  the  machine   is  built   of  four- 
inch   channel   iron,    and  four-inch   eye-b earns o 
The  two    sides,    and  the    two   ends,    are   channel- 
irons,   the  flanges  being  sawed  off  to  allow 
the  web      to    fit   into   the  side  pieces,      a 
four-inch  eye-beam  is  located  centrally  between 
the   two   sides,   running   lengthwise.      The 
flanges  are   cut    off  of  this  piece   to   allow  the 
web     to   fit   into   the    ends.      There  are   six 
short   eye-beams,    perpendicular  to  the  long  side, 
between  the   sides  and  central  eye-beam«      Tliese 
short  pieces  support  the   coils,    the  receiver  and 
condenser,    and  the   absorber  and  generator.   The 
entire  base   is  held  together  v/ith  angle   irons 
and  bolts.      Provision  has   been  made    (at   the   four 
corners   of  the  base)    for  castors,   so  that  the 
apparatus  may  be  moved  with   little  inconvenience. 

The  legs  of  the  absorber  are  made  of  cast 
iron,  and  when  received  from  the  manufacturer, 
the  webb  was  so  high  that  the  gas  burner  7/ould 
not  fit  under  the  absorber  and  generator.  It 
was  therefore  necessary  to   saw  some   of  this  web 
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out,  and  to  compensate  for  the  strength  lost 
in  its  removal,  a  steel  band  was  fitted  over 
the  top  of  each  leg,  being  fastened  thereto 
by  small  bolts. 

The  legs  are  secured  to  the  base  by 
bolts;  holes  for  these  bolts  being  drilled 
through  the  base  of  the  legs,  and  correspond- 
ing holes  througih  the  flanges  of  the  eye-beams* 

A  three-legged  frame  was  made  for  sup« 
porting  the  receiver*   This  frame  is  also 
bolted  to  the  base. 

The  double  pipe  coils  are  supported  by 
four  iron  strips,  having  a  right  angle  bend  at 
the  bottom  for  feet.  These  strips  are  bolted 
togetner  in  pairs  on  each  side  of  the  coils, 
the  bolts  supporting  the  coils.  These  supports 
are  also  bolted  to  the  base© 

The  ammonia  pipe  connections  between  the 
different  parts  of  the  apparatus  are  extra 
heavy  black  pipe,  ^imraonia  Joints  are  used 
throughout.   In  order  to  insure  pipe  Joints  be- 
ing tight  a  mixture  of  letharge  and  glycerine 

was  used. 
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ITie  relative  position  of  coils,    tanks, 
ond  the  pipe  connections  are  shown  in  the 
illustrations. 

Thermometer   cups   are   placed  in  the  pipe 
lines  at  the  follovdng  points: 

Inlet   to   coils   in  hrine  line. 

Outlet  to   coils   in  hrine    line. 

Inlet  to   cooling  water  coil  in 
absorber  and   generator. 

Outlet   to   cooling  water  coil  in 
absorber  and  generator. 

Inlet   to   cooling  water  coil  in 
condenser, 

Outlet   to   cooling  water  coil  in 
condenser. 

Outlet   from  condenser  in  anhydrous 
ammonia  line • 

The  illuminating  gas  line   is  made  up 
of  one   inch  gas  pipe,   and  is  run  under  the 
base   of  the  machine,    coming  up  to   the  gas 
burner  isdiich  is  fastened  to  the  legs  of  the 
absorber  and  generator. 

The  cooling  water  line   is  n^de  up   of 
three-iiuarter  inch  pipe,    and  is  also   run  under 
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the  base  of  the  machine •   One  branch  of  this 
line  feeds  the  water  coil  in  the  condenser 
and  the  other  feeds  the  v/ater  coil  in  the  ab- 
sorber and  generatoro   The  outlets  from  these 
two  coils  are  piped  to  weighing  tanks* 
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KETHOD  OF  OPERATIOII 

The  operation  caxi  "be  divided,  into  three 
periods;  first  "boiling  off",  second  "cooling", 
third  "expanding  and  ahsorbing",    "Boiling 
off"  consists  of  heating  and  driving  off  the 
emmonia  gas  from  the  strong  liquor  in  the  gen- 
erator, and  of  cooling  and  condensing  the  gas 
in  the  combined  condenser  and  receiver.  \.hen 
the  press-ure  rises  to  fifty  pounds  the  valve 
in  the  line  to  the  condenser  is  cracked,  and 
at  one  hundred  pounds  the  cooling  water  is 
turned  into  the  condenser  after  vAiich  the  axomonia 
valve  is  gradually  opened  fullo   The  ammonia 
gas  is  boiled  off  until  the  water  level  in  the 
upper  tank  drops  to  one  inch  in  the  gauge  glass. 
The  pressure  rises  during  this  time  until  it 
reaches  one  hundred  and  fifty  pounds,  or  to  a 
higher  pressure  depending  on  the  rate  of  flow 
and  temperature  of  the  oooling  water.   -t  the 
beginning  of  the  boiling  off  the  purge  valve 
is  opened  slightly  to  allow  any  entrained  air 
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and  acounulated  gas  to  escape. 

As  soon  as  the  gas  has  "been  boiled  off 
the  stop-valve  at  the  receiver  is  closed,  and 
water  is  turned  into  the  cooling  coil  in  the 
upper  tank.   The  weak  liquor  is  cooled  dovm 
until  the  ammonia  ve^por  and  water  vapor  in  the 
upper  tank  is  condensed  and  forms  a  vacuum  in 
the  generator.   '2he   vacuum  formed  is  very 
close  to  perfect,  realizing  a  little  better 
than  twenty  nine  inches  of  mercuryo 

inhe  machine  is  then  ready  to  produce 
refrigeration.   The  valve  in  the  return  line 
from  the  refrigeration  coils  is  opened  and  the 
expansion  valve  is  cracked,  allowing  the  liquid 
ammonia  in  the  receiver  to  expand  from  the 
pressure  in  the  receiver  through  the  expansion 
coils  back  to  the  vacuum  in  the  generator  viiich 
now  performs  the  duty  of  an  absorber.  The  vacuum 
in  the  absorber  helps  pull  the  amjaonia  through 
the  coils  and  the  weak  li^iuor  absorbs  the  ammoeia 
gas  as  fast  as  it  returns. 
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TESTIilG   OP  ilPPARaTUS 
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PRELIMIITaRY  TESgS 

^ter  installing  the  machine  it  was 
necessary  to  test  for  leaks  before  putting 
in  the  ammonia.   Several  gallons  of  water 
were  put  in  the  generator,  and  heated  up  to 
a  steam  pressure  of  two  hundred  poxmds.  This 
is  about  the  maximum  pressure  to  which  the 
pipe  joints  and  connections  are  subjected.  As 
there  were  no  leaks  developed  under  this  pres- 
sure, the  v/ater  was  blown  out  of  the  machine 
by  its  own  pressure  through  the  sampling  valve. 
L   vacuum  waS  established  by  condensing  the 
steam  remaining  in  tne  generator.   'Hie  gener- 
ator was  filled  with  about  thirty  three  gallons 
acj.ua  ammonia,  using  the  vacuum  to  draw  the 
ammonia  from  the  carboys. 

Several  samples  of  the  aqua  ammonia  were 
tested,  and  tne  strengtn  was  close  to  twenty 
nine  degrees  Baume.  For  best  operation  the 
strengtn  snouia  oe  between  twenty  six  and  thirty 
degrees  Baume,  so  that  the  ammonia  used  wus 
well  above  the  re>iUired  strength. 
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The  calcium  chloride  brine  wes   tested 
and  found  to  be  eighty  four  degrees  Salometer. 
This  corresponds  to  u  specific  gravity  of 
1.167.   The  specific  heat  of  calcium  chloride 
brine  of  specific  gravity  lol67  is  given  in 
Siebel's  Gompend  of  Refrigeration  as  0o766, 
and  the  freezing  point  -<,84  degrees  Fahrenheit. 
The  inlet  and  outlet  brine  thermometers  were 
compared  and  found  to  read  the  Stime  within  a 
small  fraction  of  a  degree,  that  is,  within 
the  limits  of  error  of  other  measurements. 

Before  the  ammonia  gauge  was  installed 
on  the  machine,  it  was  calibrated  throughout 
its  range  on  both  the  pressure  and  vacu^lIn 
readings.  The  calibration  curves  are  given  in 
Part  7o 

REFRIGEHATIOIT  TESTS 

jti  test  was  made  before  insulating  the  ex- 
pansion coils,  and  four  tests  were  made  for  the 
insulation  on  the  coils.   ^  economy  test 
was  run,  taking  the  lunount  of  gas  and  the  amount 
of  cooling  water  used  for  'boiling  off". 
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The  first  test  vms  of  two  hours  and  fif- 
teen minutes  duration.   The  rate  of  flow  of 
brine  was  kept  constant  and  the  opening  of  the 
expansion  valve  was  varied  to  keep  the  tempera- 
ture of  the  brine  above  the  freezing  point. 
At  the  beginning  of  the  r^xn.   some  of  the  cooling 
brine  was  lost  from  the  weighing  tanks  through 
the  valve  to  the  sump  leaking.   The  valve  vms 
taken  off  and  pipe  plugged  up  to  prevent  fur- 
ther loss. 

The  first  run  in  which  the  expansion  coils 
were  insulated  was  of  five  hours  and  fifteen 
minutes  dxiration.   Brine  froze  in  the  coils 
after  running  about  forty  five  minutes.   The 
expansion  valve  was  closed  and  a  hydraulic 
pump  was  connected  to  the  coils  and  brine  wus 
forced  through  to  open  up  the  pipes.  The  run 
proceeded  as  before  with  smaller  opening  of  the 
expansion  valve  and  practically  the  same  rate  of 
flow  of  brine,  as  in  the  first  test  without 
insulation. 
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Run  No.  3  was  of  two  hours  and  thirty- 
five  minutes  duration,  v/ith  the  expansion 
valve  open  three-quarters  of  a  turn.   The 
"brine  was  regulated  to  keep  the  temperature 
as  close  to  ten  degrees  Fahrenheit  as  possible. 
A  sample  of  ammonia  was  drawn  off  during  the 
run  and  was  found  to  contain  seventeen  percent 
of  water. 

Ran  No.  4  was  made  with  the  expansion  valve 
opened  one  full  turn  and  the  length  of  the  run 
was  two  hours  and  three  minutes.  As  in  the 
previous  runs,  the  brine  was  regulated  to  keep 
the  temperature  as  near  to  ten  degrees  Fahrenheit 
as  possible.    Sample  of  animonia  showed  sixteen 
percent  water. 

Run  No.  5  was  made  to  simulate  actual  con- 
ditions by  expanding  very  slowly.   The  total 
length  of  run  was  twenty  six  hours  and  fifteen 
minutes.   The  expansion  valve  was  opened  about 
one-third  of  a  turn,  v/hile  the  brine  was  regulated 
to  keep  the  temperature  close  to  thirty  degrees. 
Fahrenheit.   Sample  of  ammonia  showed  thirty  per- 
cent watero 
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The  economy  run  was  of  three  hours  and 
twenty  one  minutes  duration.   The  "boiling- 
off"  was  done  very  slowly  on  account  of 
throttling  of  the  supply  of  cooling  water 
through  tiie  condenser. 
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DISCUS SIOIT  AMD   COITCLUSIOHS 

The  refrigeration  v/as  measured  by  the 
weight  of  brine  flowing  through  the  colls, 
and  the  drop  In  temperature  between  the  inlet 
and  outlet  brine. 

The  heat  absorbed  from  the  brine  by  the 

ammonia  is  equal  to: 

W  (t»  -  t")  S 

where     V/-  is  the  weight  of  brine. 

S-  is  the   specific  heat  of  the 
brine. 

t"-is  the  temperature  of  the  brine 
leaving  the  coils. 

t^-is  the  temperature  of  the  brine 
entering  the  coils. 

The  refrigeration  has  been  calculated  as 
the  eviUivalent  ice  melting  capacity  for  the 
time  consumed  in  making  the  run.   -.>.lso  the 
ec^uivalent  ice  melting  capacity  per  twenty- 
four  hours,  and  the  tonnage  of  the  machine  per 
twenty  four  hours.  The  e(iulvalent  ice  melting 
capacity  refers  to  the  cooling  effect  produced 
by  themeltlng  of  one  pound  of  ioe  from  and  at 

Sii  degrees  Faiirenheit. 
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The  container  is  alternately  a  gener- 
ator and  absorber;  the  advantage  of  this  be- 
ing economy  of  space  and  dispensation  of 
expense  for  installing  separate  apparatus. 
It  was  found  in  the  tests  that  the  amrnonia 
distilled  contained  too  high  a  percentage  of 
water.    It  is  adviseable  to  put  some  baffle 
plates  in  the  dehydrator  so  that  when  the 
moist  ammonia  vapor  comes  in  contact  with  the 
baffles  the  moisture  is  caught  and  dropped 
back  into  the  generator  while  the  dry  ammonia 
vapor  is  allowed  to  pass  over  to  the  condenser. 

The  strong  li^iuor  after  doing  its  duty  of 
refrigeration  is  discharges  into  the  weak  liciuor 
line,  continuous  flow  of  which  is  kept  up  by 
a  partial  vacuum  created  in  the  absorber.  The 
advantage  of  this  system  being  the  saving  on 
the  installation  of  an  ammonia  pump,  as  is  nec- 
essary in  till  absorption  machines. 

In  tests  Nos.  1  and  2,  it  was  shown  that 
the  loss  of  refrigeration  in  not  providing 
proper  insulation  on  the  coils  was  nearly  fifty 
percent oOf  that  with  insulation© 
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In  the  condenser  the  ammonia  vapor  is 
condensed  on  the  counter  current  principle; 
by  which  the  warmest  animonia  vapor  gives  up 
its  latent  heat  to  the  warmest  v;ater,  and  the 
coldest  ammonia  vapor  to  the  coldest  water. 
Under  the  influence  of  this  counter  current 
the  ammonia  liquor  is  cooled  down  more  nearly 
to  the  temperature  of  the  incoming  cooling 
water*   This  method  also  affects  the  economy 
of  the  cooling  v/ater  used  as  manifestly  shown 
by  the  low  cost  of  water  for  condensation  in 
the  economy  run. 

The  special  noteworthy  feature  of  this 
machine  is  based  on  the  small  space  require- 
ments.  It  also  has  no  moving"  parts  and  re- 
quires no  motive  power  as  in  the  compression 
machines.     This  means,  of  course,  a  saving 
in  attendance  as  well  as  first  cost.   In 
boiling  off,  gas,  gasoline,  kerosine,  steam, 
coal  or  wood,  etc.  may  be  used.   This  system 
offers  safe  and  economical  refrigeration  for 
domestic  refrigeration* 
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From  the  economy  calculations  it  can  at 
once  be  seen  that  the  refrigeration  machine 
is  far  more  economical  than  the  comraon  method 
of  cooling  with  ice. 

..ssuming  that  the  machine  is  to  be  iised 
in  the  city  it  is  safe  to  say  that  the  cost  of 
ice  per  one  hundred  pounds  will  not  exceed 
forty  cents.   Under  the  same  conditions  water 
will  cost  seyen  cents  per  one  thousand  gallons, 
and  as  the  machine  used  287 »39  gu±ions  tne  cost 
for  the  water  would  he  §  .OiiOl.   Gas  at  tne 
rate  of  eighty  cents  per  one  tnousu.ncL  cubic  feet 
will  cost  the  owner  of  a  machine  ^  .2912,  bringing 
the  total  cost  of  operation  for  the  eiiuivalent  of 
one  hundred  and  ninety  poujids  of  ice  up  to  ^jioSllS. 

It  is  evident  that  the  cost  for  one  hundred 
pounds  will  be  $  .1599,  and  that  a  total  saving 
will  be  made  compared  with  that  of  purchasing 
an  ec^uivalent  amount  of  ice  at  ^  .40  per  100 
pounds.     Ilie  exact  amount  of  the  saving  being 
equal  to  the  cost  of  ice  minus  the  cost  of  opera- 
tion of  the  machine,  or  \,    .40  -  i^  .1599  -  i;;24.0i. 
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stated  in  this  form  the  gain  does  not 
become  so  a^jparent  as  it  does  when  stated  in 
terms  of  percentage  gained.   The  user  of  this 
machine  will, save  fifty  percent  of  his  money 
compared  with  buying  the  same  amount  of  ice* 
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PAHT   6. 
CALGULAT IONS 
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TEST  1I0«  1 

B.T.U.  r    W  (f  -  t")  S 

347-332  (69-55)  x  ,766 
114,90 

357,5-347  (64-44)  x  .766 
161,26 

ITote:  Outlet  valve  from  weighing  tank 
leaked  letting  brine  flov/  av/ay. 
Valve  was  removed  and  pipe  capped. 

371,5-360    (64-22)   x   ,766 
369,98 

386-371.5    (64-17)   x    .766 
522,03 

400-386    (64-15)   x    ,766 
525.48 

412.5-400    (64-12)    x    .766 
497.90 

425.5-412.5    (64-12)   x    .766 
517.82 

438,5-425.5    (64-10)   x    ,766 
537,73 

451,5-438,5    (64-7.5)   x    ,756 
562.63 

464,5-451,5    (64-7)   x    ,766 
567.61 

476.5-464,5    (64^5-6,5)   x    ,766 
533,14 

495-476.5    (64,5-6)   x    ,766 
829,04 
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513.5-495    (64.5-6)  x   .766 
829.04 

534-513.5    (64.5-6)  x   .766 

927.09 

551-534    (64.5-6o5)   x   .766 
755.28 

568.5-551    (64.5-7.5)   x    ,766 
764.09 

583-568,5    (64.5-8)   x   ,766 
627,58 

606-583  (64.5-8.5)  x  ,766 
985.61 

612-606  (64.5-9)  x  .766 
250.48 

623,5-612    (64.5-8)   x    .766 
497.75 

637-623.5    (64,5-8l   x    ,766 

584.30 

6517F637    (65-8)    x    ,766 

600.54 

664.5-651    (65-9)  x   .766 
579.10 

679.5-664.5    (65-12)   x    .766 

608.98 


56 


UlJ    I    .         *»       V    ^^ 


o:  V.  X  (a-a.i^b)  o. 


CoV.    X  (3,3^2.->' 


c  .'  V  »  (, 


oV,    ic    (3-5,Xs6)    a.. 


c  ci  r  »    X    'v  \;  —  J 1 


)  :;C:.~i:ic 


'Ji.'  «    ,    1^^. 


V  0— o .   -^  )    "  J!cj— c 


a:.,-. 


6-06}   v^;o-: 


C<J 


(J  <.;  I  * 


Ctff 


TOTAL  B.T.U. 

15,750.56 

E^iUIVALSNT   ICE  I^IELTIHG  OAPACITY 

15. 750. 56 

'l44 "      95.48# 

EvqUIVALMT  POUIJDS   of    ICB   per   ^4  HOURS 

24e00   X   95.48 

-2725  =    1,017.82 

TOIIITAGE   Oli^  ivLlCiillffi 


1017.82  X  144 

288000      =   'BOg 
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TEST  NO.  .2 


B.T.U.  =   452-442  (64-42)  x  .766 
168.52 

464-452  (64-28)  x  .766 
330.91 

474-464  (64-20)  x  .766 
491.04 

488-474  (64-13)  x  .766 
546.92 

500-488  (64-7)  x  .766 
523.94 

512-500    (64»5)    x    ,766 
542i.33 

526-512  (64-2)  x  .766 

664.89 

537-526  (64-2)  x  .766 
522.41 

547-537  (64-1)  x  .766 
482.58 

Note:      Prom  9.20  to  9.55  the  expansion 
valve  was  closed  account  brine 
"being  frozen  in  coils. 

564-551  (64.5-11)  x  .766 
532.75 

574-564  (64.5-15)  x  .766 
379.17 

585-574  (64,5-24)  x  .766 
343.45 

599-585  (64,5-28)  x  ,766 

391.43 
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615-599 
592.19 

631-615 
459.60 

645-GSl 
477.22 

658-645 
497.90 

670-658 
468.79 

681-670 
446.58 

697-681 
625.06 

711-697 
546.92 

724-711 
565.01 

739-724 
569.14 

755-759 
530.84 

769-755 

606.67 

781-769 
455.00 

796-781 

545,78 


(64-52)  X  .766 


(64.5-27)  X  .766 


(64.5-20)  X  .766 


(65-15)  X  .766 


(65-14)  X  .7u6 


(65-12)  X  .766 


(65-14)  X  ,766 


(65-14)  X  .766 


(65-16)  X  .766 


(65.5-16)  X  ,766 


(65,5-16)  X  ,766 


(65.5-16)  X  .766 


(66.5-16)  X  .766 


(65.5-18)  r.  .766 
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811-796 
514.05 

821-811 
S71.51 

856-821 
545.78 

849-826 
475.01 

865-849 
509.59 

876-865 
465.05 

890-876 
498.67 

905-890 
554.29 

915-905 
556.19 

929-915 
514.75 

942-929 

475.01 

956-942 
514.75 

968-956 
441.22 

981-968 
477.98 


65.5-17)  X  .766 
65.5-17)  X  .766 
65.5-18)  X  .766 
65.5-10)  X  .766 
65.5-18)  X.766 
65.5-19)  X  .766 
65.5-19)  X  .766 
65.5-19)  X  .766 
65.5-19)  X  .766 
66,5-18.5)  X  ,766 
65.5-18)  X  .766 
66-18)  X  .766 
66fl8)  X  ,766 
66.18)  X  .766 
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994-981    (66-18)   x    .766 
477.98 

1008-994    (66.5-18.5)   x    .766 
514.75 


1020-1008 
441.23 

1035-1080 
551.52 

1045-1035 
363.85 

1059-1045 
493.50 

1074-1059 
517.05 

1087-1074 
448.11 

1100-1087 
453.09 

1113-1100 
438.15 

1127-1113 
487.94 

1141-1127 
514.75 

1154-1141 
487.94 

1167-1154 
487.94 


(66.5-18.5)  X  .766 
(66.5-18.5)  X  .766 
(66,0-18.5)  X  .766 
(66,0-20)  X  ,766 
(66.0-21)  X  .766 
(66.0-21)  X  .766 
(66.0-21.5)  X  .766 
(66,0-22)  X  .766 
(66,0-20.5)  X  .766 
(66.0-18)  X  .766 
(66.0-17)  X  .766 
(66,0-17)  X  .766 
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1178-1167    (66,0-23)    x    .766 
362. E^ 

1191-1178    (66.0-37.5)    x    .766 
283.80 


TOTAL  3.T.U. 

28,116.40 

B.^UIVAL3IJT   ICE  LISLTIrIG  GAPAGITY 

28,116.40 

—  144 =        195.25 

E::.UIY,\LEITT  POUITDS   OF    ICE   PSR   24  HOUl^S 

24.00  X  195»25 

-5725  =   892.29 

TOIfflAGE  OF  IvIAGHIIlE 

892.29   X   144 

288000  -         "'^46 
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TEST  iro.  g   . 

B.T.U.  a    S68"355  (67»53)  x  ,766 
159.41 

395-368  (65-40)  x  .766 
517.05 

420-395  (65-34,5)  x  .766 
584.08 

450-420    {65.5-20}    x    .766 
815.79 

475-450    (65^5-25.5)   x    ,766 
766,00 

495-475    (65.5-22)   x    ,756 
666.42 

5iil-495    ( 64-4.9  )m  x    ,766 
907,98 

546-521    (63-16,5)    x    ,766 
890,86 

571-546    (63.5-14.5)   x    .766 

950.60 

595*571   (63,5-13)  K   .766 
1315. 2« 

620-595  (63.5-12)  x  .766 
986.12 

646-620    (63,5-12)   x    .766 
826.51 

675-646  (64-12)  x  ,766 
1155,13 

694-675  (64-12)  x  ,766 
756.81 
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721-694 
1075.51 

744-7^1 
898o52 

770-744 
1005o76 

791-770 
812o75 

814-791 
916.14 


825-814 
868.64 

860-835 
995.80 

887-860 
1075.46 

912-887 
995o80 

937-91ii 
1014.95 

962-937 
1014.95 

987-962 
1034.10 

1015-987 
1104.57 


64,18.5)   X    .766 
64-18)    X    ,766 
64-13.5)    X    ,766 
64-13,5)   z    ,766 
64-12)   X    ,766 

64-10)  X  .766 
64-12)  X  ,766 
64,12)  X  .766 
64-12)  X  ,766 
64-11)  X  .766 
64-11)  X  .766 
64-10)  X  .766 
64-12,5)    X    .766 


1039-1015    (64-12.5)   x    ,766 
946.78 
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1065-1039  (64-17}  z  .766  • 
956.05 

1095-1065  (64-29)  x  .766 
804.30 

1105-1095  (64-38)  x  ,766 
199.16 

TOTAL  B.T.U. 

26,977,14 

E-^UIVALaJT    ICli:  LIELTIIIG  GAPiiCITY 
Si-^fl^     =     187.34 

Ev.:UIYAIiBMT  POOTPS   OF-  ICE  PEH   24  HOURS 
84^.187.34^     1875.98 

TONIIAGI]   OF  LLlCKIira 

1875.98  X   144 

iiSSOOO  -         o938 
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TEST  no.  4 


B.T.U.  = 


398-382 
245.12 

415-398 
592.88 

431-415 
533.14 

501-451 
1796.27 

566-501 
1668.35 

599-566 
1044.14 

630-599 
1175.81 

671-630 
1680.60 

719-671 
1470.72 

760-719 
1209.51 

804-760 
1348,16 

835-804 
1044.82 

860-835 
919 o 20 

891-860 
1211»05 


(62-42)  X  .766 
(61.5-26)  X  .766 
(61.5-18)  X  .766 
(61.5-28)  X  .766 
(61.5-28)  X  ,766 
(61.5-21)  X  .766 
(61.5-12)  X  .766 
(61,5-8)  X  ,766 
(61-21)  X  ,766 
(59,5-21)  X  ,766 
(60-20)  X  .766 
(60-16)  X  .766 
(60-12)  X  .766 
(60-9)  X  .766 
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910-891    (60-9)   X    .^66 
742.25 

9b4-910    (60,5-8)   x   .766 
965.16 

960-934  (60.5-7)  x    .766 
1065.51 

985-960  (61-7f  x    .766 
1034.10 

1010-985  (61-7)  X  ,766 
1034.10 

1035-1010  (61-12)  X  ,766 
938.35 

1060-1035  (61-27)  x  .766 
651,10 

1086-1060  (61-36)  x  ,766 
497,90 

1114-1086  (61-42)  X  ,766 
407.51 

1140-1114  (61v49)  X    ,766 
238,99 

1158-1140  (61-53)  X  ,766 
110.30 
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TOTAL  B^T.U. 

2S634,04 

EC^UIVALEITT    ICE  aIBLTING   OAPACITY 

85654.04  ^^^    ^.   .. 
j^ —     =»        164. 1/d^ 

E^UIViiLj:ag   POUNDS   OF   ICE  Pi^   ^4  HOUHS 

24.00  X   164.12 

-SToF  =      1,921.84 

TOMAGE  0?  LliiCIIIITE 

1921.84  X   144     ^  q^T 

288000 
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TEST  IlOt    5 

B.T.U.   =        369-366.5    (62-59.5)   x    o766 
4.79 

371-369    (61.5-58)    x    .766 
5.36 

373-371    (61-54.5)   x   .766 
11.49 

374.5-373    (61-53)   x    .766 
9.19 

375-374.5    (61-53.5)   x    ,766 
2.72 

375.5-375    (60.5-47.5)   x    .766 
4.98 

376-375    (60.5-45)   x    .766 
11.87 

376.5-376    (60.5-45)    x    .766 
5.94 

377.5-376.5    (60.5-45)   x    .766 
11.87 

Note:  Brine  v/as   turned  off  from  11.30 

to  12.00  O'clock  IJoon. 

380, 5-377,5    (61-29)    x    .766 
73.54 

386-380.5    (61.5-27)   x    .766 
145.35 

392-386  (62-36)  x  .766 
119,50 

394.5-392  (62.5-35.5)  x  .766 
51.71 
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398»394.5    (62.5-59)   x    .766 
65.00 

401-598    (61-59)   x    .766 
50.56 

40S. 5-401    (61.5-59)    x    ,766 
43.09 

406-403.5    (62-50.5)   x    .766 
60.35 

409-406    (61.5-28)    x    .766 
76.98 

411-409    (62-30)  x   .766 
48.0Ji 

414-411    (63-361   x    .766 
61.05 

416-414    (62.5-40)    x    .766 
34.47 

419-416    (64-56)   x    .766 
64.34 

422-419    (64-58)    x    .766 
59.75 

423-422    (64-41)   x    .766 
17.62 

425-425    (64-50)   x   .766 
52.09 

428-425    (65-19)    x    .766 
105.71 

451.5-428    (64-27.5)   x    .766 
97.86 
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435-451.5    (64.5-58)   x    .766 
71.05 

458.5-435    (64.5-40)   x    .766 
65.68 

441-458,5    (65-38)   x   .766 
51.71 

442.5-441    (65-35.5)    x   .766 

53o90 

444-442.5    (65-56)    x    ,766 
55.5ii 

445.5-444    (65-58)    x   .766 
51. Oa 

450-445.5    (64.5-52)   x    .766 
112.05 

454-450    (64.5-38)    x    .766 
81.19 

456-454    (64.5-40)   x    .766 
37.55 

458-456    (66-27)    x   .766 
59.75 

460.5-458    (66-29)   x   .766 
70.86 

465.5-460.5    (65.5-58.5)  x   «766 
62.05 

465.5-465.5    (66-45)    x    .766 
52.17 

468,5-465.5    (65-45)    x    ,766 
45.96 
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472-468 oS    (66-24)   x    .766 
85.79 

474.5-472    (66-39)   x    .766 
51.71 

477-474.5    (66-31)    x    .766 
67.05 

482.5-477    (65.5-39)  x.766 

111.64 

487.5-482.5    (66.5-46)    x    .766 
74.69 

492-487.5    (66-371    x    .766 
99.96 

496.5-492    (66-42)    x    .766 
75,07 

501-496.5    (65-25)   x   .766 
137.88 

506-501  (63.5-29)  x  .766 
130.22 

512-506  (63-45)  x  ,766 
82o73 

518-512  (63-21)  x  .766 
193.03 

527-518  (62.5-19)  x  .766 
299.89 

551-527  (62.5-46)  x  .766 

303.34 

594-551  (62-17)  x  .766 
148.2k; 
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704-594    (62o5-35)    x    .7-66 
251. 7S 

758-704    (63-15)   x    ,766 
225.01 

787.5-738    (63.5-35)   x    ,766 
1056.12 

832-787.5    (62.5-39)   x    .766 

801.04 

881.5-832    (63.5-40)   x    .766 
1056.12 

907-881.5    (63.5-27)   x    .766 
891.05 

932-907    (63.5-23,7)    x    .766 
762.17 

954-932    (63-24)    x    .766 
657.23 

980-954    (63-24)    x    o766 
785.92 

997-980    (63-51)    x    .766 
416.70 

1014-997    (63-32)   x    ,766 
503.68 

1029,5-1014    (63-35)   x    .766 
332.44 

1045-1029,5    (63.30)   x    ,766 
591.81 

1060-1045  (62.5-29.5)  x  .766 
579.70 
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1074-1060  (G2.5-S2)  x   ."766 
321.72 

1089-1074  (62.5-37)  x  .766 
293.00 

1101-1089  (62-32)  x  ,766 
275.76 

1117-1101  (62-32)  X    .766 
367.68 

1129.5-1117  (62-31)  x  .766 
296.83 

1144-1129.5  (62-35)  x  .766 
272.89 

1159-1444  (62-46)  x  .766 
183.84 

1176-1159  (62-37)  x  .766 
325.55 

1191-1176  (62-40)  X  .766 
252.78 

1207.5-1191  (62-42)  x  .766 
252.78 

1221-1207.5  (62-25)  x  .766 
382.62 

1248-1221  (61.5-33)  x  .766 
589.44 

1276-1248  (61.5-33)  x  .766 
611.27 

1299.5-1276  (61t35)  x  .766 
468.03 
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1316-1299.5    (61-25)   x    »766 
455.00 


13S7-1316 
466.49 

1357-1337 
497.90 

1373-1357 
398.32 

1389-1373 
398.32 

1404-1389 
361.94 

1420-1404 
349,30 

1436-1420 
317.12 

1451-1436 
287.25 

1465-1461 
ii70.10 

1480-1465 
275.76 

1495-1480 
252.78 

1509-1495 
203.76 

1522-1509 
174.27 


(61-32)  X    .766 
(61.5-29)  X  .766 
(61.5-29)  X  .766 
(61,5-29)  X  ,766 
(60,5-29)  X  .766 
(59.5-3i)  X  ,766 
(59-32)  X  ,766 
(59-34)  X  .766 
(60-35)  X  .766 
(60-36)  X  .766 
(60-38)  X  ,766 
(60-41)  X  ,766 
(60.6«43)  X  .766 


or 
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1535-152ii    (60.5-45)   x    ,766 
154,35 

1551-1535    (61-48)    x    ,766 
159 ♦SS 

1564-1551    (61-50)   x   ,766 
109,54 

1577-1564    (61-ii8)   x    ,766 
328,61 

1590-1577    (61,5-23)   K    ,    766 
383,38 

1599-1590    (61,5-48)   x    .766 
95,07 

1603-1599    (61,5-53)   x    ,766 
26,04 


gOTiiL  B.T.U. 

23,059.96 

EQUIVAT.Ti^T    ICli  i'.IBLTi:iG  CiiPAClTY 

25>059.96 

—  144 =      160, 13f 

E.^UIVALEIIT  POUiJDS   OF   ICS  p}iE   24   HOURS 

24,00  X   160.13  ^    ^ .^     - 
26725  **   ^^^'^ 

touitaGE  of  luchihe 

146,2  X  144 

288000         oUfcx 
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EGOKOLIY  CALOULASIOITS 

Total  Ylater  used: 

2S94  pounds, 

1  Gallon  of  Water  weighs  80 32  pounds. 

2394 

q'  v;g  -  287.39  gallons  water  used. 

^ater  costs   7j<  per   1000  gallons. 

2QQQ   -     Oo00007(/;   cost   of   one   gallon, 
Cost  of  v/ater  used. 

287o39   X  0.00007   «      0o02012y;, 
Total  Gas  burned. 

364  cubic  feet. 

Cost  of  Uas. 

0.80  per  1000  cubic  feet. 

Cost  of  Gas  per  cubic  foot. 

Q08O 

1000  =  0.0008. 

Cost   of  Gas   consumed. 

364  X  0.0008   =      0.2912. 
Total  cost   of  operation. 

§0.3113 

Cost   of  refrigeration   etiuivalent   to    one 
hundred  pounds  of  ice. 

1:^'     0-1599 
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Cost   of  Ice. 

0,40  per  one  hundred  pounds. 
Difference   in  price. 

0,40   -   0.1599   =        0.2401. 

Percentage  of  saving  by  using  machine  over 
using  ice. 

0.2401     X  100   „      an   OPR'^.^ 
0.40  60.025,., 
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LOG  TEST  no.  1 


6.15  a.m  Gas  lighted  under  generator. 

6.45  a.ra  Valve  opened  to  condenser  at  arai:ionia 
pressure  of  SO^. 

6.55  a.ra  Tater  turned  into  cooling-  coils  in 
condenser  at  ammonia,  pressure  of 
100#. 

8.20  a.m  Gas  turned  off. 

T.'ater  turned  into  cooling  coils  in 
absorber  and  generator, 
^ater  turned  off  from  cooling 
coils  in  condenser. 

8.45  a.m  YTater  turned  off  from  cooling 

coils  of  absorber  a.nd  generator, 
vacuum  gauge  reading  25  inches 
of  mercury. 


365  GU,  ft.  Gas  consumed. 
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LOG  TEST  NO.  2 


4«38  a,m  Gas  lighted  under  generator. 


5,05  a.m  Valve  opened  to  condenser  at  ammorlia 
pressure  of  50#« 


5»15  a»m  Water  turned  into  oooling  ooils  in 

condenser  at  ammonia  pressure  of  95#( 

6*45  a«m  Gas  turned  offo 

Water  turned  into  cooling  coils 
in  absorber  and  generator. 
Water  turned  off  from  cooling  coils 
in  condenser. 


1287#  -  Weight  of  water  necessary  to  condense 
ammonia  gas . 


1425#  -  Weight  of  viater  necessary  to  obtain 
vacuum  of  29  inches  of  mercury. 


361  cu.  ft.  Gas  consiuned. 
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LOG  TEST  130.  3, 


1*55  p»m  Gas  lighted  under  generatoro 


E.IO  p.m  Valve  opened  to  condenser  at  ammonia 
pressure  of  50#» 

2.25  Pom  Water  turned  into  cooling  coils 

in  condenser  at  ammonia  pressure  of 
110#. 

3o35  Pom  Gas  turned  offo 

Vfater  turned  into  cooling  coil  in 
absorber  and  generatoro 
V/ater  turned  off  from  cooling  coll 
in  condenser* 

4o00  Pom  Water  turned  off  from  cooling  coil 
in  absorber  and  generator,  vacuum 
gauge  reading  25  inches  of  mercury© 


380  cuo  ft.  Gas  consumedo 

The  ammonia  was  boiled  off  at  a 
maximum  pressure  of  160#o 


68 


.c  . 


,'j:ciR^orc%  "coiirii:;  be-&:b?,lL  b&O     rr.cr  6C,I 


ni   I.'  ':.nooo   Ovr:i.;  :    .. 

.r.coo  r    ;        0  flio'i'i   ::"';o  ..  .   ,7  OOoii^ 


.j;-;   J.C 


lu 


B0.»  »»•»'»• 


»  A 


«  « 


a  *  •  •  » 


t  4  B  »  » 


«  B 


•  «  »  r 


O 


»  •  e 


C         '- 


•         »        •         *  « 


O    C 


»  s 


•  S  *  ft 


«  k 


«  »  *  » 


«  t 


>  *  9 


0  a  « 


«»  »«  ft»  *«  Aft* 


*  »  »  » 


«  >  »  • 


#  »  B  • 


o 


LOG  TEST  HO,  4 
4»49  a.m  Gas  lighted  xinder  generator. 


5.10  a.m  Valve  opened  to  condenser  at  ammonia 
pressure  of  50#, 

5.25  a.m  Water  turned  into  cooling  coil  of 
condenser  at  ammonia  pressure  of 

100#e 


7.40  a.m  Gas  turned  off. 

Water  turned  into  cooling  coils  in 
absorber  and  gene rat or o 
Water  turned  off  from  cooling  coils 
in  condenser. 


8.15  a.m  Water  turned  off  from  cooling  coils 
of  absorber  and  generator,  vacuum 
gauge  reading  88  inches  of  mercury, 

1213  lbs»  -  Weight  of  usater  necessary  to 
condense  ammonia  gas* 

1424  IbSo  -  Weight  of  water  necessary  to 
obtain  vacuum  of  28  inches  of 
mercujryo 


S59  ou.  ft.  Gas  consumed* 

Ammonia  was  boiled  off  at  a 
maximum  pressure  of  250  lbs. 
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LOG  Tills  1'  1)0.    5. 


6.08  a.m     Gas  lighted  under  generator, 

6.29  aoui     Valve   opened  to  condenser  at 
ammonia  pressure   of   dOJta 

6,39  a.m  Water  turned  into  oooling  ooil 
of  condenser,  at  a:ii-nonia  pres- 
sure of  100^, 

8.32  a.m  Qas  turned  off, 

Water  turned  into  cooling  ooil 
of  absorber  and  generator, 
¥ater  turned  off  from  colling 
ooil  in  condenser, 

265  cuo  ft.  Gas  consumed. 


.jmnonia  was  boiled  off  at  pressure  of 
185  to  150  pounds. 
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lOG  OP  i^GonOkY  TEST 


2.19  p.m     Gas  lighted  under  generator. 

ii.35  p«m     Valve   cracked  to   condenser  tit 

aimnonia  pressure   of  fifty  pounds. 

2.50   p.m     Yt'ater  turned     into   cooling  coils 
in  condenser  at   ajiinonia  pressure 
of   one  hundred  and  twenty  five 
poimds. 

5.05  p.m  Gas  turned  off. 

Later  turned  into  cooling  coils 
in  a"bsorber  and  generator. 
Water  turned  off  from  cooling  coils 
in  condenser. 

5.40  p.m  Oooling  water  turned  off  in  cooling 
coil  of  absorber  ajid  generator. 

1265  lbs.  -  ^Veight  of  water  necessary  to 
condense  ammonia  gas. 

1129  lbs.  -  V.'eight  of  water  necessary  to 
obtain  vacuum  of  29  inches  of 
mercury. 

364,  cu.  ft.  Gas  consumed. 

The  ammonia  pressure  gauge  regis- 
tered from  125  to  150  pounds  through- 
out the  entire  boiling  off. 
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